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Quasifrce (p, 77) Reactions
and Enhancement of Pionic Processes

J. 3. McClelland (for the F881 NTOI Collaboration(l})
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Los Alamos, NM 8755

Abstract

Results from a complete set of polarization-transfer observables for quasifree (j, i) scatiering at
495 MeV are reported. Measurements were carried out on CDa, carbon, and calcium targets at a
laboratory scattering angle of 18° using the new Nentron Time-of-Flight facility at LAMPEF. The
ratio of spin-longitudinal to spin-tranaverse responses at a momentum transfer of approximately
1.72 in~! is extracted from the data, as well as th+ separated responses, and compared to distorted-
wave cilculations incorporating a e ndom-Phase Approximation description of the nuclear response.
The spin-transverse response is compared to (') measurements. The spin-longitudimal response
represents new information available from hadron scattering.

The investigation of collective spin-isospin excitations in nuclei has been a rich field for observation
of new phenomena.[2] At low excitation energies (w < 20 MeV) and small momentum transfers (g=0)
the spin-isospin particle-hole interaction is strongly repulsive, leading to collective excitations such as
the giant Gamow-Teller resonance. The quenching of measured Gamow-Teller strengths relative 1o a
model-independent sum rule has led to extensive theoretical studies of possible mechanisms, ranging
from conventional configuration mixing to underlying sub nucleonie degrees of freedom,

At higher excitations {w=x 30-160 MeV) and momentum transfers (g= 12 fn” Yy, the spin-
longitudinal interaction, tiken to be driven by one-pion exchange, is expected to become mildly at
triwtive, while the spin-transverse interaction mediated by rho exchange continues 1o remain repulsive
due to the larger mass of the tho compared to the pion. Although signatures of shell stru-ture, such as
diserete states and giant resonances, disappear in this sector, the nucleus should continue to respond
collectively through the action of the residual particle-hole interaction. The very dissimilar momentum
dependence of the spin-lengitudinal and  transverse interactions should give rise o ditfersnt phenom
ena in the corresponding nuclear spin isospin responses.  For example, relative to a noniteracting
Fermi gas, the spin-traasverse response (2 p) is predicted to be quenched and pushed to higher enerey
loss, while the spin-longitudinal response (1)) is predicted o be enhanced and shifted to lower enerey
loss due to an enhanced pion field within the nuclens 3] The very (non)existenee of such collectivity
is direetly connected o the form and magnitude of the spin isopin dependent parts of the residual
interaction, and henes to the bagic underlying degrees of freedom in the nuelear system.

Quasifree scattering can provide detailed information on the nuelear response. A intermediate
energies (ncident particle energies of several hundred MeV) and moderate momentum tiansfers (g -0.5
fin '), quasifree seatteting is a dominant part of the nuelear excitation specirim, A broad stractune
is seen with a peak near w  ¢*/2m (O being, the nudeon mass) and a width determined by the Feoni
momentum. At momentum transfers above ahont | hn Y this region of excitation is well separated
from the low Iving disciete states and resonance repron and can beidentified with quasitree soattenn .
Shifts in the position of the guasifree peak with respect 1o free seattering have heen abserved for several
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Figure 1: Particle-hole interaction (left) given by Eq. 1 with the Landau-Migdal paramecter g/ = 0.6
and the nuclear matter calculation (right) of the spin responses at g=1.75 fm~!'.

reactions. Attempts to explain these shifts have invoked the changing character of the underlying spin-
isospin responses as a furction of momentum transfer.[4, 5]
The form of the effective particle-hole interaction is generally taken to be

" w? - (qz + ’n'i')

2 2
Vigw) = (m,){[g’+——"———r3(q.u)](al-4)(@-4)

1

+[g'+C,,-;—q—z—-—zl'?,(q)](led)(agxci)}rl ) (1)

wt = (q* +m3)

where m, and m, are the pion and rho masses respectively, w is the energy transfer, (7, is the ratio of
the p and x coupling, f? is the ¥ ¥ N coupling constant, and ', and I', are the vertex (monopale) form
factors of the  and p respectively. A contact interaction governed by the Landau-Migdal narameter o'
takes into account the short-range repulsive nature of the interaction. This interaction is shown in Fig.
1 (left) as a function of momentum transfer. In nuclear matter calculations, a very large enhancement
of the ratio of Ry to Rt is predicted near 1.7 fin ', an seen in Fig. 1 (right), due to the collectivity
introduced by Eq. 1.[3] Observation of such an enhancement should therefore provide a sensitive test
of particle-hole correlations in the nucleus. Effects dne to finite nucleus geometry and distortions can
in priaciple reduce the size of the effect. Howover, most calenlations retain a significant signature of
the enhancemeni when these effects are included. [, 5]

Several reactions proviide information on the spin-isospin nuclear response. Deep inelastic election
scattering is sensitive to R, but this reaction does not excite the spin-longitudinal modes. Acee s
to Ity requires a probe which couples longitudinally 1o the nucleonic spins such as the (pon), (0.
(p.1), (P H e, ), (d, 2p) reactions or semi-hadronic processes such as (e, ¢'r). The (p, 1) reaction provides
several unique advantages as a probe of ) owing 1o its purely isovector nature, cloge connection of
polarization transfer (1'I') ohservables for this reaction to the responses of interest, as well as important
experimental considerations. By measuring complete sets of PIobservables for quasifree nucleon
nucleus scattering, the resvonses 1) and KBy can be extracted |6, 7, 8] The tranaverse spin responae
Ry can be compared to the isovector part of the response obtained from electron seattering, wile
the longitudinal spin response 7, represents new information. Previons anadysis of T data taken at
LAMPE for the (p,p') reaction at 500 MeV oand ¢ 150 o ! provided no evidenee for the predicted



enhancement in the ratio R;/Rr1; however, uncertainties in the isoscalar contribution and distortion
cffects complicated the interpretation.[9, 10] It has been recognized that the (p, n) reaction is the most
promising method of observing the predicted enhancements in Ry, /Ry, Until recently, however, only
limited PT data for the (p, n) reaction were available, none above incident energies of 200 MeV. The
new Neutron Time-of-Flight (NTOF) facility[11] at LAMPE now provides the capability of precision
PT measurements for (p, n) reactions up to 800 MeV, opening the possibility of detailed studies of the
nuclear continuum.

A complete set of PT observables for quasifree scattering in the (p, n) reaction on 1L, €', and Ca
at a laboratory scattering angle of 18° (the momentuin transfer varies from about 1.6 to 1.9 fin ™! over
the excitation range of interest, with the peak of the quasifree at ¢=1.72 fm~ ') was measured at 495
MeV with the new NTOY facility at LAMPEF. All three proton heam polarization directions (normal
to the scattering plane, along the beam direction, and sideways) were provided at the NTOF tarecr.
Details of the experimental apparatus and procedures have been published 12, 13] The experiment
spanned the range of neutron energy loss from 30 to 160 MeV. corresponding to quasifree seatteiing
at this momentum transfer.

In order to extract further information from the data, it is necessary to make the connection ol I'T
observables to the nuclear response functions. It has been shown[8] that if the effect of distortion is
simply represented by a common attenuation factor due to absorption in both channels, then the ratio
of the spin-longitudinal 1o spin-transverse reponses for the kineaatics of this experimeat is given by

Bi(qw) D,/
Rytg,w) D,/ls|?

where the conter of mass obwervables 1), and D), are obtained from the Taboratory polarization vean -l
observables according 10
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where the nucleou nuclens center of mass coordinates p and ¢ are given by
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Figure 2: Ratio of spin-longitudinal to spin-transverse responses defined in Eq. 2 for 495-MeV quasifree
(p.n) scattering at a luboratory scattering angle of 18° (¢ = 1.72 fm~!) for carbon (left) and calcium
(right). Curves are DWIA-RPA calculations described in the text.

M(q) = a-iy{(ay 1)+ (o:n)}
+i(ay - a)az-n) + &(or - §)aa - q) + (e - ploy - p) ()

where a; and a; are the Pauli matrices for the projectile and target nucleons, respectively.

The assumption of distortion effects providing only a common attennation factor in hoth the spin.
longitudinal and -transverse channels appears to be supported by Distorted-Wave Impulse Spproxi
mation (DWIA) calenlations for the (p,n) reaction with the kinematies of this experiment.[14] T hese
calculations predict an overall reduction in the responses due to distortion effect.., with essentially no
change in the shape as a function of energy loss as compared to plane-wave calculations with the same
interaction. The calculated distortion effects for the (p,n) reaction are not as great as in the (p.p')
reaction at the same energy and momentum transfer, where both a reduction and a drastic reshaping
of the responses, primarily in the spin-transverse chanuel, is predicted by the same calculation. In ad
dition, only the isovector responses contribute to the present (p,n) results, whereas the (p.p') reaction
mixes the isoscalar and isovector channels and requires model dependent corrections to the data in
order to extract the isovector responses. The (p,n) reaction at 500 MeV therefore appears to he woll
suited for investigation of the nuclear spin response.

Fig. 2 shows our results for the ratio of spin longitudinal to spin transverse response funection .
for carhon and ealcium w defined in Fq. 2. The ratio of 18] to |« was determined empicically
from scattering measurcients from Jdeaterimm, which is taken to be the free scattening case. Ao
shown are DWIA caleulations from Ref. 15 for the same quantities with and without Random Phase
Approximation (RPA) correlations, which take into account the collectivity introduced by the particle
hole interaction given in Fq. U The dashed enrve is for o vadue of ¢f <06 and the dotted curve 15 Lo
a vadue of 0.4 These viduen for ¢’ span a reasonable range of thia parameter as detenmined from the
spectea of unnatueal parity states at lower momentum transfers and excitations. The solid carve v the
same calealation with no RPA collectivity.

The implication: o the present Jdata can be lurther emphasized by comparison of the ~eparated
responses to the REA predictions. In Fig. 3, we show the experimental spin longitadinal and pin
transverse regponses for carbon (left) and caloum (nght) compared o the RPA responses (7 0600
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Figure 3: Separated spin-longitudinal (top) and spin-transverse (bottom) responses for carbon (left)
and cadcium (right). Curves are DWIA-RPA calcalations described in the text.

provided by Ichimura and Kawahigashi.[15] The full line in the the figure represents the free response
(no RPA correlations), while the dashed lines indicate the responses when the residual particle hole
interaction of I'q. 1 is turned on. In the case of the spin-transverse response, Lthe agreement of
the correlated RPA calculation with the data iy surprisingly gnod. In the spin-longitudinal channel,
however, the RPA correlated response is in marked disagreement with the data. No evidence for the
predicted enhancement is observed in the data. In fact, the data show a quenching with respect to
the free response in this channel, much the same as the spin tranaverse response. Comparison of the
shape of the (p, n) spiu-transverse response with the transverse reaponse measured in electron seattening
i+ remarkable, while the normalization agrees to within 20.25%. Several factors, such as surface vs,
volutue responses and attenuation factor uneertainties could very well account for this ditference in
magnitude,

Brown, Osnes, and Rho{16] have argned that ¢ should take on larger values - ¢ ligher momentum
transfers, perhaps as large an 1.0-1.55 at e momentmin transfer of this expeiment, whirh wontil
hring the cideulations more into agreement with our data, Other interactions w weh allow for medinm
modifications of Eq. 1 may be able to account for the apparent Lack of enhancemont seen i the dara,
Brown and Rho[17, 18] have proposed ascading of the vector meson masses and coupling conatants

aceording ta
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where the asterisk denotes a medium modificd quantity and my is the nucleon mass. s depends on the
nuclear density, with s=1 corresponds to the free space interaction. Using this interaction, an almost
complete cancellation of the attractive pion force by the rho tensor force can take place for values of
s close to 0.8, leading to a predicted ratio of /1 /R close to unity, in agreement with the observed
experimental ratio. As seen in Fig. 4, in addition to the spin-transverse and spin-longitudinal channets
being nearly equal at the momentum transfer measured in this experiment, both are repilsive dne
to the large value of ¢’. This would, therefore, also account for the observed quenching with vespect
to the uncorrelated prediction. This form of the interaction should have a very different mementum
dependence as compared to the conventional form in Eq. 1 and Fig. 1. Additional measurements at
[.1 fm~! have been taken on carbon and deuterium and are under analysis. Further measurenionts 2
2.5 fm ! are being planned for this summer and will provide a more comprehensive data hase with
which to define the appropriate form of the interaction,

We wish to thank Professors M. lehimura and K. Kawahigashi for stimulating discussions and for
supplying us with their calculations and Professor (. F. Brown for his suggestions foo inclusion of
niedium affects into the calculations.
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